The biopsychosocial model of challenge and threat states specifies that these states engender different physiological and behavioral responses in potentially stressful situations. This model has received growing interest in the sport and performance psychology literature. The present systematic review examined whether a challenge state is associated with superior performance than a threat state. Across 38 published studies that conceptualized challenge and threat states in a manner congruent with the biopsychosocial model, support emerged for the performance benefits of a challenge state. There was, however, significant variation in the reviewed studies in terms of the measures of challenge and threat states, tasks, and research designs. The benefits of a challenge state on performance were largely consistent across studies using cognitive, physiological, and dichotomous challenge and threat measures, cognitive and behavioral tasks, and direct experimental, indirect experimental, correlational, and quasiexperimental designs. The results imply that sports coaches, company directors, and teachers might benefit from trying to promote a challenge state in their athletes, employees, and students, respectively. Future research could benefit from a greater consensus on how best to measure challenge and threat states to help synthesize the evidence across studies. Specifically, we recommend that researchers use both cognitive and physiological measures and develop stronger manipulations for experimental studies. Finally, future research should report sufficient information to enable risk of bias assessment.
Understanding individuals' responses to stress is key for optimizing performance in contexts including business, medicine, education, and sport. Although some models explain individuals' successes and failures in terms of psychology or physiology, one increasingly popular theory combines these perspectives. The biopsychosocial model (BPSM; Blascovich & Mendes, 2000) of challenge and threat (CAT) states built on Lazarus and Folkman's (1984) transactional theory of stress and Dienstbier's (1989) theory of physiological toughness has been applied to contexts as diverse as sport, education, and medicine (Moore, Wilson, Vine, Coussens, & Freeman, 2013; Roberts, Gale, McGrath, & Wilson, 2016; Seery, Weisbuch, Hetenyi, & Blascovich, 2010) . Across these contexts, CAT states have been associated with different performance outcomes (Allen & Blascovich, 1994; Blascovich, Seery, Mugridge, Norris, & Weisbuch, 2004) , although some studies have found nonsignificant or contradictory results (Feinberg & Aiello, 2010; Laborde, Lautenbach, & Allen, 2015) , and there is notable diversity in how CAT states have been measured and the research designs used. To advance our understanding of the impact of CAT states on performance and the consistency of findings across different methods, and to highlight important directions for future research, the current article reports a systematic review of the published literature that utilized the BPSM as a theoretical framework.
Central to the BPSM is the assumption that CAT states only occur in motivated performance situations. Motivated performance situations are goal-relevant, evaluative, and potentially stressful, requiring adequate active performance to ensure well-being and personal growth (Blascovich & Mendes, 2000) . Sport competitions, academic exams, and job interviews are typical examples of such situations. Importantly, according to the BPSM, CAT states represent opposite ends of a unidimensional continuum rather than two dichotomous states, allowing researchers to examine relative (rather than absolute) differences in challenge and threat (i.e., greater vs. lesser challenge or threat; Blascovich, 2008) . This contrasts the earlier views of Lazarus and Folkman (1984) , and other researchers (Skinner & Brewer, 2004) , who considered CAT as independent cognitive appraisals that can occur simultaneously. Although these other frameworks offer useful insights, this review focused only on publications that examined CAT states in the unidimensional manner hypothesized in the BPSM.
CAT states differ in terms of underlying cognitive evaluations and resulting physiological responses, which are predicted to be linked (Blascovich & Mendes, 2000) . According to the BPSM, challenge states are characterized by the largely subconscious evaluation that one's personal coping resources match or exceed situational demands. Physiologically, challenge states are marked by increases in heart rate and cardiac output (CO) and decreases in total peripheral resistance (TPR). This cardiovascular pattern is due to sympathetic adrenal medullary activation, which causes epinephrine release, and dilation of the blood vessels. In contrast, threat states are characterized by an evaluation that coping resources fall short of situational demands. Threat states are indexed by little change or small increases in heart rate, little change or minor decreases in CO, and little change or small increases in TPR (Tomaka, Blascovich, Kelsey, & Leitten, 1993) . This physiological response is due to additional activation of the pituitary-adrenocortical pathway, which constricts blood vessels, causes cortisol release, and inhibits the effects of sympathetic-adrenomedullary activation (Blascovich & Mendes, 2000) . Importantly, validation studies showed that (a) cognitive CAT evaluations and physiological CAT responses were significantly correlated and (b) cognitive CAT evaluations triggered physiological responses, not vice versa (Blascovich, 2008) . These divergent CAT states are predicted to influence performance, with challenge states being related to superior performance than threat states.
The relevance of the BPSM to a range of contexts has led to considerable variation in the tasks and performance outcomes examined across the literature. For example, studies have examined the relationship between CAT states and cognitive performance in academia (Seery et al., 2010) , graduate record examinations word problems (Chalabaev, Major, Cury, & Sarrazin, 2009) , and mental arithmetic (Kelsey et al., 2000) tasks. Further, Blascovich et al. (2004) found that a cardiovascular CAT index, measured during a preseason speech about athletes' sports, predicted batting performance during the season, with a challenge state linked to better performance than a threat state (i.e., more runs). This initial evidence provided impetus for subsequent research involving behavioral tasks as varied as simulated surgery (Vine, Freeman, Moore, Chandra-Ramanan, & Wilson, 2013) and cricket batting (Turner et al., 2013) .
This early research also led to the development of new theories that extended the predictions of the BPSM (i.e., theory of challenge and threat states in athletes; Jones, Meijen, McCarthy, & Sheffield, 2009 ; integrated framework of stress, attention, and visuomotor performance; Vine, Moore, & Wilson, 2016) . These theories suggest that CAT states could influence performance through various mechanisms. For example, the theory of challenge and threat states in athletes predicts that a threat state may lead to more negative emotions; unfavourable interpretations of emotions; impaired cognitive functioning, decision-making, and anaerobic power; greater self-regulation; increased reinvestment and avoidance coping; and less effective attention, which may in turn impair performance (Jones et al., 2009) . Further, Vine et al. (2016) argue that a threat state might deter performance by disrupting attentional and visuomotor control, causing individuals to become distracted by less relevant (and potentially negative) stimuli at the expense of more important taskrelevant cues. This is in keeping with the original mechanism proposed by Blascovich et al. (2004) , who speculated that attentional resources might be diverted from the task at hand toward the environment or themselves during a threat state. However, to date, relatively little research has tested these potential mechanisms (Moore, Vine, Wilson, & Freeman, 2012) .
With increasing interest in the BPSM, there has been greater diversity in the conceptualization and measurement of CAT states. Indeed, while some authors have used self-report measures of demand and resource evaluations (Gildea, Schneider, & Shebilske, 2007) , others have used physiological indices computed from CO and TPR reactivity (i.e., change in CO and TPR from baseline to postinstruction/task exposure; e.g., Blascovich et al., 2004) . Although both the cognitive evaluations and physiological responses accompanying CAT states are predicted to influence performance, it is not known which has the strongest effect. Even within these approaches, little consensus exists regarding standardized measurements. For example, both single-and multi-item self-report measures of cognitive evaluations have been used to calculate either a ratio (e.g., demands divided by resources), or a difference score (e.g., resources minus demands). Researchers have also differed in the timing and duration of baseline and postinstruction/task exposure periods when recording cardiovascular data, and have used different methods to calculate a single CAT index from CO and TPR reactivity (e.g., difference vs. residualized change scores).
In addition to the diversity in the measurement of CAT states and the tasks used, studies have adopted different research designs. Some studies have used experimental designs, directly manipulating individuals into CAT states and observing performance. For example, used verbal instructions to elicit CAT states before a golfputting task and found that the golfers in the challenge group outperformed those in the threat group . Other experimental studies have indirectly manipulated CAT states via an antecedent and then measured performance (e.g., resource appraisals; Turner, Jones, Sheffield, Barker, & Coffee, 2014) . Correlational studies have also been used, with CAT states observed before a task and subsequently related to performance (Turner et al., 2013) . Finally, studies have used quasi-experimental designs, recording CAT states with continuous measures, and then splitting the sample into CAT groups before examining between-groups differences in performance (e.g., via median split; Gildea et al., 2007) .
Given the increasing adoption of the BPSM for understanding performance variation during stressful tasks, aligned with notable diversity in the conceptualization of CAT states, performance outcomes, and research designs employed, the primary aim of this systematic review was to examine the pattern of associations between CAT states and performance outcomes. The secondary aim was to examine the consistency of this pattern across different conceptualizations of CAT states (i.e., cognitive evaluations vs. physiological responses vs. dichotomous groups), performance outcomes (i.e., cognitive vs. behavioral tasks), and research designs (i.e., direct experimental vs. indirect experimental vs. correlational vs. quasiexperimental designs). Synthesizing the current evidence will provide crucial insight into the utility of the BPSM to explain performance variation under stress, the impact of employing different methods, and important directions and methodological considerations for future research.
Method
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analyses guide-lines (Moher, Liberati, Tetzlaff, & Altman; the PRISMA Group, 2009 ). It involved four steps: (a) initial literature search (including selection of search terms, electronic databases, and inclusion criteria), (b) screening based on title, (c) screening based on abstract, and (d) screening based on full text. Two independent assessors completed each step, compared their records, and discussed any disagreements. The assessors searched for relevant articles using the following databases: MedLine, PsycINFO, SPORTDiscus (combined in one search), and Web of Science (in a separate search). The search terms were ("challenge and threat" AND "performance"). To be included, studies had to fulfil five inclusion criteria: (a) published in English in a peer-reviewed academic journal, (b) reported at least one empirical study, (c) conducted with healthy human participants, (d) conceptualized CAT in terms of a unidimensional continuum, and (e) reported at least one performance outcome and its association with at least one CAT measure or dichotomous CAT groups that were compared on a CAT measure in a manipulation check.
To examine the consistency of the pattern of associations between CAT states and performance within different conceptualizations of CAT states, performance outcomes, and research designs, we used Sallis, Prochaska, and Taylor's (2000) sum code classification. This classification focuses on the percentage of studies that demonstrate a statistically significant effect. Further, to assess the quality and risk of bias in experimental and nonexperimental studies, respectively, the Cochrane Collaboration's tool for assessing risk of bias (Higgins & Altman, 2008 ) and the Risk of Bias Assessment Tool for Nonrandomized Studies (Kim et al., 2013) were used. For experimental studies, two independent assessors examined random sequence generation (were experimental conditions assigned randomly?), allocation concealment (could condition allocations have been foreseen before/during enrolment?), blinding of participants and personnel (were participants and researchers blind to the participants' allocated experimental condition?), blinding of outcome assessment (were outcome assessors blind to experimental condition?), incomplete outcome data (were attrition/exclusion rates and reasons reported?), selective reporting (was there a possibility of selective reporting?), and other sources of bias (Higgins & Altman, 2008) . For nonexperimental studies, two independent assessors examined blinding of outcome assessment, incomplete outcome data, selective reporting, selection of participants ("How adequate was the selection of participants?"), confounding variables ("Was there adequate consideration of confounders?"), and intervention (exposure) measurement ("Was there performance bias caused by inadequate measurement of exposure?"; Kim et al., 2013) .
Results
The initial search (conducted in December, 2017) yielded 1,107 unique results. After reviewing titles, 155 records remained. After reading abstracts, 59 records remained. After reviewing full texts, 30 articles reporting 38 studies with a total of 3,257 participants were identified and included in the review. Figure 1 illustrates the search and screening process. Interrater agreements in the second, third, and fourth step were 96.6%, 84.4%, and 84.7%, respectively. Disagreements were resolved through discussion between the assessors and a third member of the research team. Table 1 1,2 presents the characteristics and main outcomes of the included studies. Sample sizes ranged from 16 to 238, with a mean sample size of 85.7 participants (SD ϭ 54.4). Most samples contained both genders, but four samples were all male (Gildea et al., 2007; Laborde et al., 2015; Turner et al., 2013) , and five samples were all female (Chalabaev et al., 2009; Chalabaev, Major, Sarrazin, & Cury, 2012; Mendes, Blascovich, Hunter, Lickel, & Jost, 2007; Study 2, Scheepers, 2017; Turner, Jones, Sheffield, & Cross, 2012) . The average age in the 28 studies that reported this statistic ranged from 11.0 to 36.3 years, with an average mean of 22.5 years (SD ϭ 4.9). The remaining studies reported a mode age of 18 years (Quigley, Barrett, & Weinstein, 2002) , a median of 28 years (Roberts et al., 2016) , or no age statistic (Blascovich et al., 2004; Chalabaev et al., 2009 Chalabaev et al., , 2012 Feinberg & Aiello, 2010; Kelsey et al., 2000; Seery et al., 2010) . Most studies sampled university students, but others incorporated athletes, doctors, adolescents, academic staff, and nonspecified adults. Table 2 presents the risk of bias results. Interrater agreements were 84.1% and 85.8% for experimental and nonexperimental studies, respectively. The assessors resolved disagreements in discussions with a third member of the research team. In experimental studies, the lowest risk of bias ratings emerged for "random sequence generation," "incomplete outcome data," and "other sources of bias," as 88.9%, 77.8%, and 100% of studies received a "low risk of bias" rating, respectively. Unclear risk of bias was more apparent for "allocation concealment," "blinding of participants and personnel," "blinding of outcome assessment," and "selective reporting," with 88.9%, 88.9%, 55.6%, and 100% of studies rated as "unclear risk of bias," respectively. The assessors rated one study (5.6%) in the "incomplete outcome data" category as "high risk of bias."
General Study Characteristics

Risk of Bias in Individual Studies
In nonexperimental studies, a low risk of bias ratings emerged for "blinding of outcome assessment," "incomplete outcome data," "confounding variables", and "intervention (exposure) measurement", as 55.0%, 75.0%, 100%, and 100% of studies in these categories received a "low risk of bias" rating, respectively. "Selective reporting" and "selection of participants" received mostly "unclear risk of bias" ratings (100% and 90.0%, respectively). The assessors rated two studies (10.0%) in the "incomplete outcome data" category as "high risk of bias."
Association Between CAT States and Performance
Of the 38 included studies, 28 (74%) found an effect on performance favoring a challenge state, although three of the observed effects were contingent on an interaction with another variable. The three interaction effects depended on solo status (performing alone or not; Study 1, White, 2008) , performance goals (performanceavoidance or approach goal; Chalabaev et al., 2012) , and integrative task structure (whether concessions on less important aspects of a negotiation tasks led to gains on more important aspects or not; Study 2, O'Connor, Arnold, & Maurizio, 2010) . Of the remaining 10 studies, one found an effect favoring a threat state (Study 1, Feinberg & Aiello, 2010) , and nine found no significant effects (Chalabaev et al., 2009; Study 4, Feinberg & Aiello, 2010; Study 2, Gildea et al., 2007; Laborde et al., 2015; Mendes et al., 2007; Quigley et al., 2002; RithNajarian, McLaughlin, Sheridan, & Nock, 2014; Sammy et al., 2017; Turner et al., 2014 (Table 1) . These reflected 11 small, 14 medium, and four large effect sizes (Cohen, 1992) .
Effects of cognitive, physiological, and dichotomous CAT measures on performance. Table 3 lists the associations between CAT states and performance based on whether CAT was analyzed as a continuous cognitive, continuous physiological, or dichotomous variable. The dichotomous category included studies that compared challenge and threat groups in the analysis, regardless of whether the groups were created by an experimental manipulation or by a median split of a continuous CAT measure. Studies that reported an association with performance of more than one CAT measure are included in each relevant category; thus, the number of effects is 43.
A total of 16 studies reported 17 analyses that examined the association between a cognitive CAT measure and performance. A total of 13 analyses (76%) found a statistically significant effect favoring a challenge state, with two effects contingent on interactions (Study 1, Chalabaev et al., 2012; White, 2008) . Four analyses found no significant effect (Chalabaev et al., 2009; Laborde et al., 2015; Quigley et al., 2002; Rith-Najarian et al., 2014) . Of the six effect sizes reported, three were small (Chalabaev et al., 2012; Moore, Young, Freeman, & Sarkar, 2018 ; Study 1, , two were medium (Study 1, O'Connor et al., 2010; Schneider, 2004) and one was large (Vine et al., Table 2 Risk
of Bias Assessment Results
Experimental studies
Reference number Chalabaev et al., 2012) . However, some studies used single-item measures that assessed the degree to which participants felt challenged or threatened (Turner et al., 2012) . A total of 11 studies reported 12 analyses that examined the association between a physiological CAT measure and performance. Eight (67%) found that a challenge cardiovascular response was associated with better performance than the threat response (Blascovich et al., 2004; Moore et al., 2018; Scheepers, 2017; Scholl, Moeller, Scheepers, Nuerk, & Sassenberg, 2017; Seery et al., 2010; Turner et al., 2013 ; Studies 1 and 2, Turner et al., 2012) . Four analyses found no significant effect (Mendes et al., 2007; Rith-Najarian et al., 2014; Seery et al., 2010; Vine et al., 2013) . Of the 10 effect sizes reported, five were small (Blascovich et al., 2004; Moore et al., 2018; Scheepers, 2017; Scholl et al., 2017; Seery et al., 2010) and five were medium (Scholl et al., 2017 ; Studies 1 and 2, Turner et al., 2012) . The physiological CAT index comprised a sum score of the changes in CO and TPR from the baseline to a postinstruction (or manipulation) period. These changes were determined by using difference scores in all studies in the "physiological" group. However, two studies in the "dichotomous" group used residualized change scores (i.e., standardized residuals of a regression of postinstruction on baseline values, to control for differences in baseline values) to create the index (Moore, Vine, Wilson, & Freeman, 2014 . Both approaches typically weighted TPR reactivity negatively so that a greater value on the summed CAT index was more reflective of a challenge state. Finally, the timing and duration of physiological data differed between studies. For example, some studies recorded 5 min of baseline data and 1 min after giving task instructions, although they often only used the final minute of the baseline period in the analyses (Moore et al., 2014) . Other studies measured 5 min of baseline data and 2 min of 
Note.
For the "Reference Number" column coding, please consult the corresponding column in Table 1 . reactivity data during the task, using mean values of the entire time periods (Blascovich et al., 2004) . Only 11 studies included both physiological and cognitive CAT indices, and only three of these studies reported associations with performance for both indices 3 (Moore et al., 2018; Rith-Najarian et al., 2014; Vine et al., 2013) . Moore and colleagues (2018) found that both cognitive and physiological CAT measures were related to performance. Rith-Najarian and colleagues (2014) found that neither measure was related to performance. Vine and colleagues (2013) found that only the cognitive CAT measure was related to performance, with a challenge state linked with better performance. Further, only three of the studies that computed both cognitive and physiological CAT measures provided a correlation between the two indices 4 (Moore et al., 2018; Turner et al., 2013; Vine et al., 2013) . Moore et al. (2018; r ϭ .19 ) and Turner et al. (2013; r ϭ .21) found no significant correlation, whereas Vine et al. (2013) found a significant correlation during the baseline test (r ϭ .32) but not the pressurized test (r ϭ Ϫ.11).
A total of 15 studies created dichotomous groups, which were confirmed with a manipulation check using a cognitive and/or physiological CAT measure. Ten (67%) studies found that the challenge group significantly outper- (2010) reported three significant interaction effects between CAT instructions and experimenter presence. However, they did not report whether challenge was related to better performance than threat in any of the two experimenter presence conditions, comparing challenge with challenge, and threat with threat across the two conditions instead. Four studies found no significant effect (Study 4, Feinberg & Aiello, 2010; Study 2, Gildea et al., 2007; Sammy et al., 2017; Turner et al., 2014) , and one study found that participants in the threat condition outperformed those in the challenge condition, although it should be noted that the manipulation check in this study was only marginally significant (Study 1, Feinberg & Aiello, 2010) . Of the 16 effect sizes reported, six were small (Study 2, Gildea et al., 2007; Moore et al., 2014 Moore et al., , 2018 Study 2, O'Connor et al., 2010; Scheepers, 2017) , seven were medium (Study 3, Gildea et al., 2007; Moore et al., 2012 ; Study 2, Moore, 3 Chalabaev et al.'s (2009) study is not listed here despite reporting performance analyses for the cognitive and physiological variables (i.e., CO and TPR reactivity). This is because the physiological CAT variables were not combined into a single CAT index, which violated the inclusion criteria. However, it is noteworthy that this analysis did find challenge reactivity to be associated with better performance, supporting the contentions of the BPSM. 4 Two other studies provided associations between cognitive and physiological variables but did not use a single physiological CAT index (Quigley et al., 2002; Turner et al., 2012) . Turner et al. (2012) did not find any significant correlations, although the coefficients were consistent with the BPSM in terms of direction. Quigley et al. (2002) found a marginally significant association between cognitive CAT and CO but not between cognitive CAT and TPR. 2, 3, 6, 7, 9, 13, 14, 15, 16, 17, 18, 22, 27, 28, 29, 30 17 76 0 24 ϩϩ Ϫ 1, 8, 14, 17, 20, 23, 24, 26, 27, 28 4, 5, 10, 11, 12, 13, 15, 19, 20, 21, 25 15 67 7 27 ϩϩ Note. Percentages are rounded to integers and so do not always total 100. The "Sum Code" was adapted from Sallis, Prochaska, and Taylor (2000): "0" indicates that 0% to 33% of the studies supported an association, "?" indicates that 34% to 59% of the studies supported the association, and "ϩ" indicates that 60% or more of the studies supported the association. Codes are doubled ("??," "00," or "ϩϩ" when four or more studies supported the association/lack of association). For the "Reference Number" column coding, please consult the corresponding column in Table 1 . Schneider, 2004; Turner et al., 2014) , and three were large (Study 1, Feinberg & Aiello, 2010; Study 1, Gildea et al., 2007; Moore et al., 2015) . Effects of CAT states on cognitive and behavioral task performance. The performance tasks varied across studies but could be placed into two main categories: cognitive and behavioral. Table 4 lists the studies in each category and their corresponding results.
Physiological
A total of 20 studies reported 23 effects involving cognitive performance outcomes, of which eight were mathematical (serial subtraction task; Kelsey et al., 2000) . Examples of other tasks included Stroop (Study 1, Turner et al., 2012) and word-finding (Mendes et al., 2007) tasks. A total of 15 (65%) analyses found that a challenge state was associated with superior performance, although two of these effects were contingent on an interaction with another variable (Chalabaev et al., 2012; Study 1, White, 2008) . Seven effects were not significant, and one analysis found that participants performed significantly better in the threat condition (Study 1, Feinberg & Aiello, 2010) . Of the 15 effect sizes, four were small (Chalabaev et al., 2012; Scholl et al., 2017; Seery et al., 2010) , nine were medium (Study 3, Gildea et al., 2007; Schneider, 2004; Scholl et al., 2017 ; Studies 1 and 2, Turner et al., 2012) , and two were large (Study 1, Feinberg & Aiello, 2010; Study 1, Gildea et al., 2007) .
A total of 19 effects involved behavioral tasks such as golf putting (Moore et al., 2012 Study 2, Moore, Wilson, et al., 2013) , cricket batting (Turner et al., 2013) , flight simulation , and a medical selection practical (Roberts et al., 2016) . A total of 16 (84%) effects favored a challenge state, with one effect qualified by an interaction with another variable (Study 2, O'Connor et al., 2010) . Three effects were not significant (RithNajarian et al., 2014; Sammy et al., 2017; Turner et al., 2014) . Of the 15 effect sizes reported, six were small (Blascovich et al., 2004; Moore et al., 2014; Study 1, Moore, Wilson, et al., 2013; Moore et al., 2018; Study 2, O'Connor et al., 2010) , seven were medium (Moore et al., 2012 ; Study 2, Study 1, O'Connor et al., 2010; Turner et al., 2014 ; Studies 1 and 2, Turner et al., 2012) , and two were large Vine et al., 2015) .
Effects of CAT states on performance within different research designs. Four types of research designs were used: (a) experiments that directly manipulated CAT states (explicitly targeting CAT states), (b) experiments that indirectly manipulated CAT states (targeting another variable, including putative CAT antecedents), (c) correlational studies, and (d) quasi-experiments. Table 5 lists the studies grouped by research design. Although the "dichotomous" group in Table 3 shares some studies with the "experimental (direct)" and "quasiexperimental" groups, the research questions pertaining to Table 3 and Table 5 are different.  Table 3 is about the type of CAT measure and analysis, whereas Table 5 is about the type of research design.
Six studies reported experiments that directly manipulated participants into CAT states by framing the task instructions consistent with either a challenge or threat state (i.e., perceptions of task demands and personal coping resources). Four (67%) studies found that partic- , 3, 4, 5, 6, 7, 8, 16, 20, 21, 22, 23, 24, 26, 30 , 9, 10, 11, 12, 13, 14, 15, 17, 18, 19, 25, 26, 27, 28, 29 19 84 0 16 ϩϩ Note. Percentages are rounded to integers and so do not always total 100. The "Sum Code" was adapted from Sallis et al. (2000) : "0" indicates that 0% to 33% of the studies supported an association, "?" indicates that 34% to 59% of the studies supported the association, and "ϩ" indicates that 60% or more of the studies supported the association. Codes are doubled ("??," "00," or "ϩϩ" when four or more studies supported the association/lack of association). For the "Reference Number" column coding, please consult the corresponding column in Table 1. ipants in the challenge group performed significantly better than those in the threat group A total of 12 studies reported experiments that indirectly manipulated CAT states by manipulating another variable such as resource appraisals (Turner et al., 2014) , perceived effort and support (Moore et al., 2014) , or interpretations of physiological arousal and obtained different CAT responses between groups. Eight (67%) studies found that a challenge state was associated with superior performance, although one effect was contingent on an interaction (O'Connor et al., 2010) . Four studies found no significant effect (Chalabaev et al., 2009; Mendes et al., 2007; Sammy et al., 2017; Turner et al., 2014) . Of the six effect sizes reported, three were small (Chalabaev et al., 2012; Moore et al., 2014; Scheepers, 2017) , two were medium (Study 1, O'Connor et al., 2010; Turner et al., 2014) , and one was large .
A total of 16 studies used a correlational design, correlating either a cognitive or physiological CAT measure with performance. Of the 18 effects in this group, 14 (78%) showed a significant association between CAT and performance, with a challenge state related to better performance. Four analyses found no significant association (Laborde et al., 2015; Quigley et al., 2002; Rith-Najarian et al., 2014; Seery et al., 2010) . Of the 12 effect sizes reported, five were small (Blascovich et al., 2004; Moore et al., 2018; Scholl et al., 2017; Seery et al., 2010) , six were medium (Study 2, Scholl et al., 2017 ; Studies 1 and 2, Turner et al., 2012) , and one was large .
Finally, four studies used a quasi-experimental approach by dividing the sample into CAT groups based on scores on a cognitive CAT measure. All four (100%) studies found that participants in the challenge group performed significantly better than those in the threat group (Gildea et al., 2007; Schneider, 2004) . Of the six effect sizes reported, one was small (Study 2, Gildea et al., 2007) , four were medium (Study 3, Gildea et al., 2007; Schneider, 2004) , and one was large (Study 1, Gildea et al., 2007) .
Discussion
For over two decades, the BPSM of CAT states has been used as a framework to understand variations in cognitive, physiological, and behavioral responses in motivated performance situations (Blascovich & Mendes, 2000) . The aim of this systematic review was to examine the relationship between CAT states and performance, and the consistency of this relationship 2, 3, 8, 9, 11, 12, 15, 19, 20, 25, 30 , 6, 7, 13, 14, 16, 17, 18, 22, 23, 24, 26, 27, 28 Note. Percentages are rounded to integers and so do not always total 100. The "Sum Code" was adapted from Sallis et al. (2000) : "0" indicates that 0% to 33% of the supported an association, "?" indicates that 34% to 59% of the studies supported the association, and "ϩ" indicates that 60% or more of the studies supported the association. Codes are doubled ("??,""00," or "ϩϩ" when four or more studies supported the association/lack of association). For the "Reference Number" column coding, please consult the corresponding column in Table 1 The beneficial effect of a challenge state was generally consistent across different CAT measures (i.e., cognitive vs. physiological vs. dichotomous). As such, the findings support the prediction of the BPSM that CAT states occur on both a cognitive (i.e., underlying demand/ resource evaluations) and a physiological (i.e., accompanying cardiovascular responses) level and influence performance. However, it is noteworthy that studies including the relationships between both CAT measures and performance found an inconsistent pattern (Moore et al., 2018; Rith-Najarian et al., 2014; Turner et al., 2013) , implying that more research is needed to compare the two measures as predictors of performance. In addition, although the BPSM predicts that different demand and resource evaluations lead to distinct physiological responses (Blascovich, 2008) , only three studies included both cognitive and physiological CAT measures and reported correlations among these variables (Moore et al., 2018; Turner et al., 2013; . Weak to moderate correlations were reported in these studies, raising questions about whether demand and resource evaluations trigger distinct cardiovascular responses, as proposed by the BPSM (Blascovich, 2008) . Indeed, the wider BPSM literature has also demonstrated weak to moderate links between cognitive and physiological markers of CAT (Zanstra, Johnston, & Rasbash, 2010) .
Studies that used a single cognitive measure of CAT states to dichotomize individuals into CAT groups (e.g., via a median split) also tended to support the superiority of a challenge state (Gildea et al., 2007) . However, dichotomizing CAT states is incongruent with the notion that they represent opposite ends of a single bipolar continuum (Blascovich & Mendes, 2000) . Further, dichotomizing a sample with a median split could lead to problems like loss of statistical power and difficulty in comparing results between studies due to the different cutoff points used (Altman & Royston, 2006) . Researchers should therefore consider whether it is appropriate to dichotomize CAT measures and, if so, ensure that the study has sufficient power.
This review revealed notable diversity in the recording and calculation of cognitive and physiological CAT measures. For instance, both single and multiple self-report items assessed demand and resource evaluations (Schneider, 2008; Tomaka et al., 1993; Turner et al., 2013) . In addition, responses to these items were used to calculate a ratio (i.e., demands divided by resources; Moore et al., 2012) or difference (i.e., resources minus demands; score. Moreover, CO and TPR were reported as reactivity (Blascovich et al., 2004) or residualized change scores (Moore et al., 2012) . These values were often calculated by averaging across different durations and time periods (e.g., final minute of baseline and the first minute after receipt of task instructions, Moore et al., 2014;  or final two minutes of baseline and first two minutes of the task itself, Blascovich et al., 2004) . The justifications for these variations were not always clearly articulated and should be made more explicit in future research.
Although these variations did not appear to impact the findings, future research would benefit from adopting a more consistent approach in CAT measurement to facilitate the synthesis of evidence across studies. If studies adopt different methods to measure CAT states, it is unclear whether the observed relationships are due to CAT states themselves or the idiosyncratic measurement processes (e.g., because self-report was used rather than cardiovascular indices or a ratio vs. difference score). Although we encourage future research to contrast the different ways of measuring CAT states to empirically identify the optimal approach, we make the following recommendations based on the justifications provided in the current literature. Re-searchers should use both cognitive evaluations and cardiovascular responses to measure CAT states and further examine their relationship and respective effects on performance. Given the limitations associated with single-item scales (e.g., lower relative precision than multi-item scales; McHorney, Ware, Rogers, Raczek, & Lu, 1992), multi-item measures of demand and resource evaluations should be used (e.g., Schneider, 2008) . The scores from these items should then be used to calculate a difference score, as ratio scores have been discouraged due to their highly nonlinear distribution . When measuring the physiological indices of CAT states (i.e., CO and TPR reactivity), researchers should use comparable time periods and indices. To ensure true resting values are obtained, researchers should use the final minute of the baseline period (Sherwood et al., 1990) . Further, given the dynamic nature of CAT states (i.e., reappraisal; Blascovich, 2008) , researchers should utilize the first minute after task instructions or of task exposure. Although most research has used difference scores rather than residualized change scores, we recommend that researchers consult guidelines and use the approach most suitable for their data (Burt & Obradović, 2013) . Finally, CO and TPR reactivity should be combined into a single CAT index, which would be more in keeping with the unidimensional nature of CAT states, increase reliability, and simplify analyses (Seery et al., 2010) .
The risk of bias assessment showed that random sequence generation, incomplete outcome data, other sources of bias, blinding of outcome assessment, incomplete outcome data, confounding variables, and intervention (exposure) measurement exhibited a low risk of bias across most studies. Allocation concealment, blinding of participants and personnel, blinding of outcome assessment, selection of participants, and selective reporting often exhibited an unclear risk of bias. As only three studies were rated as high risk of bias, the body of evidence appears to be of adequate quality overall, but the findings highlight the importance of considering and reporting potential risks in future studies. For example, researchers should minimize missing physiological and outcome data, ensure that performance assessors are naive to CAT data, and provide information about allocation concealment, blinding of participants, personnel and outcome assessment, and selective reporting.
Based on statistical significance, there was a relatively consistent relationship between CAT states and performance on behavioral and cognitive tasks. The notable difference in support for cognitive versus behavioral tasks (Table 4) could have been influenced by the included and excluded studies. First, although Chalabaev et al. (2009) found that greater CO reactivity and lower TPR reactivity were associated with better cognitive performance separately, the review excluded this study because no single physiological CAT index was reported. Second, Feinberg and Aiello's (2010) three studies that manipulated participants into CAT groups using verbal instructions found inconsistent effects for CAT states on performance, one of which involved an only marginally significant manipulation check. Along with being inconsistent with the notion that CAT states are a continuum (Blascovich & Mendes, 2000) , this approach averages data within the CAT groups. Thus, individuals who were not successfully manipulated into the required state were retained in the analyses, which might have attenuated the results (i.e., individuals in the challenge group displaying a threat state and vice versa; Turner et al., 2013) . As such, the weaker effect on cognitive outcomes might have been caused by other confounding statistical and methodological issues.
Studies that directly manipulated CAT states provided support for the superiority of a challenge state, although only six studies utilized such a design. Four studies found that the challenge group outperformed the threat group (Study 2, Feinberg & Aiello, 2010; Moore et al., 2012; O'Connor et al., 2010) , and two studies reported null or contradictory results (Studies 1 and 4, Feinberg & Aiello, 2010) . Issues such as the strength and effectiveness of the CAT manipulation instructions (as well as the limitations noted earlier) might explain the heterogeneous results among Feinberg and Aiello's (2010) studies. For example, Feinberg and Aiello read instructions aloud to participants, whereas Moore et al. (2012; ) delivered standardized instructions from memory more directly to participants. Researchers using experimental designs should report the methods used to manipulate participants into CAT states and use both cognitive and physiological CAT measures as manipulation checks because the two measures could yield divergent results.
Although two theoretical models (Jones et al., 2009; Vine et al., 2016) have proposed several potential mechanisms through which CAT states might influence performance, only three studies included in the review explicitly tested mediation (Moore et al., 2012; Study 2, Vine et al., 2013) . Of these studies, only one study reported statistically significant mediation (Moore et al., 2012) , with the findings suggesting that CAT states influenced golf-putting performance primarily via kinematic variables and not through emotional, attentional, or physiological pathways. Despite this limited evidence for significant mediating processes, studies have reported that CAT states are associated with different emotional, attentional, and physiological responses, with a challenge state linked with less cognitive anxiety, more optimal visual attention, and less muscle activity (Moore et al., 2012; Moore, Wilson, et al., 2013 Study 2; Vine et al., 2013) . It is vital for research to continue exploring these and other potential underlying mechanisms to better understand how a challenge state facilitates performance. In particular, research should test the attentional mechanisms outlined by Vine et al. (2016) and examine whether a threat state increases the influence of the stimulus-driven system and draws attention away from task-relevant to less relevant (and potentially negative) stimuli, resulting in suboptimal performance.
Several issues emerged as limitations to the present review. First, a meta-analysis may have provided additional information about the strength of the relationship between CAT states and performance. However, this was not feasible due to the substantial variability in methodologies adopted across studies. The variability across studies also hindered the ability to clearly delineate how strongly the effects were influenced by the CAT measure, task, or research design. Second, as this review only included published studies, publication bias might have influenced its results. Third, the sum codes used in Tables 3, 4 , and 5 (adopted from Sallis et al., 2000) use arbitrary cut-off points and refer to patterns of statistical significance, which do not take into account effect sizes. Finally, although the research team categorized tasks as either cognitive or behavioral, many tasks required both cognitive input and behavioral execution. For example, golf putting requires cognition to determine the optimal direction and behavioral control to execute the motor skill.
This review highlights key directions for future research. Given that a challenge state facilitates performance, it is important to identify factors that elicit a challenge state to aid the development of theory and effective interventions. Although some antecedents proposed by the BPSM (e.g., required effort and support; Moore et al., 2014) and the theory of challenge and threat states in athletes (e.g., control, selfefficacy, and achievement goals; Turner et al., 2014) have been investigated, research should examine other possible antecedents (e.g., danger, uncertainty, familiarity, knowledge, skills, and abilities; Blascovich, 2008) . Further, although some interventions have received attention (e.g., arousal reappraisal, Moore et al., 2015) , research should examine other interventions aimed at promoting a challenge state. Finally, the longitudinal (and likely reciprocal) relationship between CAT states and performance should be explored.
Conclusion
To conclude, a challenge state was related to better performance than a threat state in 74% of studies. The quality of the included studies was generally good, although the risk of bias assessment identified some areas for improvement (e.g., minimize data loss). This association between CAT states and performance was relatively consistent across cognitive, physiological, and dichotomous CAT variables; cognitive and behavioral tasks; and direct experimental, indirect experimental, correlational, and quasi-experimental designs. Future research would benefit from a more consistent approach to CAT measurement (e.g., multi-item self-report measures of cognitive evaluations), to reduce ambiguity and aid the synthesis of results across studies. Furthermore, researchers should develop challenge-promoting interventions to optimize the performance of individuals across a range of domains (e.g., sport, academia, business, and medicine).
